till cropping controls soil erosion, builds soil quality, and reduces machinery wear and fuel consumption com-
this study is located, conservation tillage is practiced on Ϫ$12.10 and Ϫ$31.45 ha Ϫ1 yr Ϫ1 , respectively. Although all no-till spring only 17% of the cropland (CTIC, 2001) .
crop rotations had higher annual income variability than WW-SF,
Farmers in the WW-SF region are slow to adopt conpositive net returns for continuous SW is the first economic good news servation tillage SF despite conclusive research showing for continuous annual cropping using no-till in the low-precipitation environmental benefits with no agronomic (Schillinger, region of the inland PNW. (Janosky et al., 2002 ) disadvantages compared with intensive tillage SF. Concerns about economic risk and profitability appear to be a barrier to adop-P otential for economic and environmental benefits tion of reduced-tillage systems (Juergens et al., 2001) . is a driving force in the gradual shift by dryland Few farmers in the PNW low-precipitation region farmers to adopt reduced-till and no-till farming methpractice continuous annual cropping (CTIC, 2001) . Two ods. Despite several associated environmental probrecent multiyear experiments in Washington compared lems, WW-SF is the dominant cropping system in the lowprofitability of no-till HRSW in 150-mm (Benton County) precipitation zone of the inland PNW because it proand 290-mm (Adams County) precipitation zones. In vides agronomic and economic advantages (Leggett et Benton County, 1997 -2002 net returns over total costs al., 1974 . Farmers and bankers appreciate time-proven before government farm payments averaged Ϫ$109 ha Ϫ1 grain yield and income stability of WW-SF and the yr Ϫ1 for annual no-till HRSW and Ϫ$14 ha Ϫ1 yr Ϫ1 for system's relatively uniform seasonal demands on farm WW-SF (Young, 2002a) . In Adams County from 1996-machinery and labor.
2001) or economic
2002, the values were Ϫ$122 ha Ϫ1 yr Ϫ1 for HRSW comEnvironmental disadvantages of WW-SF include repared with $9 ha Ϫ1 yr Ϫ1 for WW-SF (Young, 2002b) . current wind erosion, especially during drought cycles
The average shortfall of Ϫ$113 ha Ϫ1 yr Ϫ1 translates into when straw production is low. Summer-fallowed fields Ϫ$181 000 yr Ϫ1 for a typical 1600-ha farm in the region. in south-central Washington were reported to have lost
The WW-SF system was not only more profitable than 4 to 10 cm (240-600 Mg ha Ϫ1 ) of topsoil from wind eroannual HRSW in both studies, but also demonstrated sion in one season (Papendick, 1996) . In addition to deless annual income risk. grading soil, blowing dust from SF also inflicts substanGiven the unpromising economic comparison of antial off-site damage on human respiratory health, traffic nual no-till HRSW with WW-SF, a need clearly exists accidents, and cleanup costs (Upadhyay et al., 2003) .
for alternative cropping systems that offer greater ecoResearch in the PNW and elsewhere has shown that nonomic viability. The objective of this study was to evaluate the economic performance of three annual spring (1997, 1998, and 1999) , all plots were planted and and Pau) and other broadleaf weeds were present at time of harfertilized in one-pass directly into the undisturbed soil and vest in cereals (1999 and 2001 only) and broadleaf crops (all residue left by the previous crop using the grower's Flexi-Coil years), 0.42 kg a.i. ha Ϫ1 paraquat (1,1Ј-dimethyl-4,4Ј-bipyri-6000 air-delivery no-till drill equipped with Barton II dualdinium) ϩ 0.21 kg a.i. ha Ϫ1 diuron [NЈ-(3,4-dichlorophenyl)-disk openers on 19-cm spacing for simultaneous and precision N,N-dimethylurea] was applied 7 to 10 d after harvest to preplacement of seed and fertilizer in the same row. In 2000 and vent seed production and halt soil water use by these weeds. A 2001, all plots were planted and fertilized in one-pass using a complete list of field operations and timing for each operation custom-built no-till drill equipped with Cross-Slot notchedthroughout the study is shown in Table 1 . coulter openers on 20-cm spacing for simultaneous and precision placement of seed and fertilizer in the same row. Both
Economic Methodology
openers are low-disturbance and place fertilizer beneath and slightly to one side of the seed. Glyphosate herbicide [N-(phos-
The machinery complement of farmer cooperator Ron Jirphonomethyl) glycine] was applied 2 to 4 wk before planting ava was used for cost estimation: a 250-hp John Deere 4wd at 0.43 kg acid equivalent (a.e.) ha Ϫ1 to control weeds and distractor, 9.1-m-wide Flexi-Coil 6000 no-till drill with attached ease green bridge (Smiley et al., 1992) . Seeding rate averaged air cart, 150-hp John Deere 2wd tractor, 24.4-m-wide sprayer across years was 78, 78, 23, and 10 kg ha Ϫ1 for SW, SB, SAF, with 3200-L-capacity tank, John Deere 8820 combine with and YM, respectively. Solution 32 (NH 4 NO 3 ϩ urea) provided 7.3-m cutting platform, single-axle 11-m 3 -capacity grain truck, the base for liquid fertilizer to supply an average of 40, 11, 30-m 3 -capacity tractor-trailer semi, one-ton pickup truck, and utility/service vehicle. The age, used or new purchase price, and 17 kg ha Ϫ1 N, P (aqueous solution of NH 4 H 2 PO 4 ), and S size, use, and service life of machinery was considered typical the 4-yr rotation for 2001, the profit for SAF was estimated based on its historic yield relationship following YM. of the area.
Total cost of production was estimated using standard enAlthough WW-SF was not included in the replicated experiment, economic comparison of this traditional system to the terprise budgets that identify fixed and variable costs. For a given land and machinery base, fixed costs do not vary with experiment's no-till annual spring crop rotations was accomplished by conducting a multiyear grain yield survey of 10 number of hectares planted. Machinery fixed costs are depreciation, interest, taxes, housing, and insurance. Land fixed costs WW-SF farmers within a 7-km radius of the experiment site. A one-page mailed questionnaire with telephone follow-up as include property taxes and net land rent. Net rent is money paid for rented land or rental income foregone for using owned necessary was used. The sample size of 10 farmers represents 53% of the original mailing to 19 farmers. The 10 neighboring land. In the study region, net rent is based on the prevailing one-third landlord and two-thirds tenant crop share with the farmers had climate and soils similar to the experiment site.
Of the 10 participating farmers, one reported on three differlandlord also paying land taxes and one-third of fertilizer expense. Other fixed costs include farm-wide insurance, legal/ ent fields, with varying yields. This farmer's data were added independently, increasing the sample size to 12. accounting services, and overhead expenses.
Variable costs include any costs that vary proportionately The survey approach permitted observing variation of WW yields over time and over farmers as well as deriving average with the area planted. Machinery repair, fuel, labor, custom hire of services, seed, fertilizer, pesticides, and crop insurance yields. Reported grain yields from the survey were divided into top, middle, and lower thirds to permit comparisons of are typical variable costs. The actual operations and input rates for the 5-yr experiment were used in computing variable costs. each group to spring crop rotations from the experiment. to SAF during the first 3 yr of the study.
Safflower was discontinued from the 4-yr rotation in 2001,
Exceptionally high precipitation in the 1997 crop year but the remaining crops of the original 4-yr rotation were planted in the original sequence. To permit estimating profitability of resulted in high yields for all crops, but yields of all Table 3 . Yields of WW-SF were obtained from average yields. Table 4 shows annual net returns per rotational hectfarms within a 7-km radius of the study site for the spring crop yields reported in Table 2 . Soils of the surare for all no-till spring crop rotations and for the different yield groups of surveyed WW-SF farmers. Five-year veyed farms are similar in texture and depth to the study site and are all classified as Ritzville silt loam (Lenfesty, averages and SDs of net returns are also reported for each rotation. The WW-SF survey results were excluded 1967). The weather station at the experiment site was located at the center of the 7-km radius and is considered from formal statistical comparisons of mean profitability because the survey results were not part of the replicated representative of the surveyed farms. Like the spring crop yields in Table 2 , WW yield varied with annual prerandomized complete block design of the experiment. Since the surveyed farmers represented over 50% of the cipitation. Highest yields were recorded in 1997 when precipitation was almost double the long-run average, population of all WW-SF farmers within a 7-km radius of the experiment, WW-SF average returns are treated and lowest yields occurred during the 2001 drought year. Over all farms and years, reported WW yields averaged informally as point estimates of the population means for this group of neighbors. Statistical comparisons of SDs 3.82 Mg ha Ϫ1 with a SD of 0.98 Mg ha Ϫ1 . Average 5-yr yields ranged from 3.36 (Farmer 5) to 4.55 (Farmer 4) of profitability between the spring crops and WW-SF were not possible, but these SDs permit useful informal Mg ha
Ϫ1
. Yield variation among farms is likely due to management and possibly minor differences in microcomparisons of the economic riskiness of the different cropping systems. climate. Annual average WW yields ranged from 2.39 to 4.86 Mg ha
. Comparison of Tables 2 and 3 reveal Among the spring crop rotations, continuous no-till , indicates equivalent net returns to markedly reduce dust emissions compared with WW- (Table 4) . However, the top one-third of WW-SF farm-SF, the equivalent profitability of these two systems proers exceeded the average profit for continuous annual vides the first reported potential win-win solution for SW. Equivalent average profitability between no-till anno-till farmers and the environment in the low-precipinual SW and WW-SF is a welcome result given the Ϫ$96 tation zone of the inland PNW. ha Ϫ1 yr Ϫ1 shortfall in profitability of previous research comparisons of no-till HRSW with WW-SF.
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